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Duplexer and communication apparatus 

The invention provides a duplexer (15) com- 



a frequency variable filter (13) switching between a 
first band and a second band by a voltage-control- 
lable reactor D1; and a transmission/reception 
select switch (14) connected to an input/output ter- 



minal of an end of the frequency variable filter (13). 

The above duplexer is small and capable of effi- 
ciently eliminating harmonics of transmission signals 
generated by a transmission/reception select switch. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] TTie present invention relates to a duplexer 
and a communication apparatus, for example, used in a 
microwave band. 

[0002] As one of cellular phone systems, there is 
provided a time-division multiple access system. Fig. 10 
is an electric-circuit block diagram of the RF transmis- 
sion/reception section of a cellular phone 1 using this 
system. In Fig. 10, reference numeral 2 denotes an 
antenna element, reference numeral 4 denotes a trans- 
mission/reception select switch, reference numeral 5 
denotes a transmission filter, reference numeral 6 
denotes a reception filter, reference numeral 7 denotes 
a transmission circuit, and reference numeral 8 denotes 
a reception circuit. In many cases, the transmis- 
sion/reception select switch 4 is composed of a PIN 
diode, or a QaAs switch IC, etc., is used as the switch. 
[0003] The cellular phone 1 shown in Fig. 10. how- 
ever, needs the transmission filter 5 and the reception 
filter 6. As a result, this is a hindrance to reduction in 
size and cost of the cellular phone 1. In addition, since 
the transmission/ireception select switch 4 composed of 
the PIN diode or the like has non-linearity, high-output 
transmission signals are distorted by the switch 4, an 
unnecessary harmonic such as the second harmonic or 
the third harmonic in the transmission signals occurs. 
Thus, as the solutions to the problem, a low pass filter or 
the like is externally added to the antenna element 2, 
power consumption of the PIN diode is increased in the 
case of the transmission/reception select switch 4 com- 
posed of the PIN diode. However, the former method 
leads to increase in size of the cellular phone 1 , and the 
latter one leads to battery exhaustion. 

SUMMARY OF THE INVENTION 

[0004] To overcome the above described problems, 
the present invention provides a small duplexer and a 
small communication apparatus capable of efficiently 
eliminating the harmonic of transmission signals gener- 
ated by a transmission/reception select switch. 
[0005] The present invention provides a duplexer 
including: a frequency variable filter for switching a first 
band and a second band by a voltage-controllable reac- 
tor; and a transmission/reception select switch con- 
nected to an input/output terminal of an end of the 
frequency variable filter. 

[0006] The frequency variable filter may include a 
low pass filter. As the reactor, a PIN diode, field effect 
transistor, or the like may be used. As the transmis- 
sion/reception select switch, an element composed of a 
PIN diode, a GaAs switch 10, or the like may be used. 
As a resonator of the frequency variable filter, a dielec- 
tric resonator or the like may be used. 
[0007] The above an-angement permits the single 



frequency variable filter to be used both as a transmis- 
sion filter and a reception filter, so that reduction in size 
of the duplexer can be achieved. In addition, since the 
frequency variable filter includes a low pass filter, the 
5 frequency variable filter eliminates unnecessary har- 
monics generated by the distortion of transmission sig- 
nals. 

[0008] In the above described duplexer, the first and 
second bands of the frequency variable filter may be 

70 respectively divided into a plurality of frequency regions, 
and one of which may be selected by exercising volt- 
age-control on the reactor. This permits the distance 
(isolation) between the transmission band and the 
reception band of the antenna duplexer to be expanded, 

15 so that filter characteristics can be even further 
improved. 

[0009] The present invention further provides a 
communication apparatus including one of the above 
described duplexers. As a result, miniaturization of the 
20 communication apparatus and elimination of unneces- 
sary harmonics generated by the distortion of transmis- 
sion signals can be achieved. 

[0010] Other features and advantages of the 
present invention will become apparent from the follow- 
25 Ing description of the invention which refers to the 
acconpanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 1 is a block diagram of an electric circuit show- 
ing an embodiment of a communication apparatus 
in accordance with the present invention. 
Fig. 2 is an electric circuit diagram of a frequency 
variable filter used in an antenna duplexer shown in 
Fig. 1. 

Fig. 3 is a sectional view showing an example of a 
resonator used in the frequency variable filter 
shown in Fig. 2. 

Fig. 4 Is a perspective view showing a structure in 
which the frequency variable fitter shown in Fig. 2 is 
mounted. 

Rg. 5 is an electric circuit diagram showing a trans- 
mission/reception select switch used in the antenna 
duplexer shown in Fig. 1 . 

Fig. 6 is a graph showing the filter characteristics of 
the antenna duplexer shown in Fig. 1 . 
Fig. 7 is an electric circuit diagram showing a fre- 
quency variable filter used in another antenna 
duplexer in accordance v^rith the present invention. 
Fig. 8 is an electric circuit diagram showing a fre- 
quency variable filter used in another antenna 
duplexer in accordance with the present invention. 
Fig. 9 is a graph showing the filter characteristics of 
the antenna duplexer shown in Fig. 8. 
Rg. 10 is an electric-circuit block diagram showing 
a conventional communication apparatus. 
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3 EPOS 

DESCRIPTION OF THE EMBODIMENTS 

First Embodiment. Figs. 1 to 6] 

[0012] Fig. 1 is an electric-circuit block diagram of 
the RF transmission/reception section of a cellular 
phone 11 as a communication apparatus. In Fig. 1, ref- 
erence numeral 12 denotes an antenna element, refer- 
ence numeral 15 denotes an antenna duplexer. 
reference numeral 17 denotes a transmission circuit, 
and reference numeral 18 denotes a reception circuit. 
The antenna duplexer 15 is comprised of a frequency 
variable filter 13 and a transmission/reception select 
switch 14. 

[001 3] As shown in Fig. 2. the frequency variable fil- 
ter 13 has an arrangement such thai resonators 24, 25, 
and 26 are triple-coupied via coupling capacitors C4 
and C5. An input/output terminal PI of the frequency 
variable filter 13 is electrically connected to the resona- 
tor 24 via a 7c-type LC circuit (a low pass filter) com- 
prised of a coupling coil L5. and capacitors C6 and C7. 
Similarly, an input/output terminal P2 is electrically con- 
nected to the resonator 26 via a 7c-type LC circuit (a low 
pass filter) comprised of a coupling coil L6. and capaci- 
tors C8 and C9. As shown here, the frequency variable 
filter 13 includes a low pass filter. 
[0014] A PIN diode D1 as a reactor is electrically 
connected in parallel to an end of the resonator 24 via a 
band varying capacitor CIO under a condition in which 
the cathode of the diode is grounded. Similarly, a PIN 
diode D2 is electrically connected in parallel to an end of 
the resonator 25 via a band varying capacitor C2 in 
such a manner that the cathode of the diode is 
grounded. A PIN diode D3 is electrically connected in 
parallel to an end of the resonator 26 via a band varying 
capacitor C3 under a condition in which the cathode of 
the diode is grounded. 

[0015] A voltage-control terminal CONT1 is electri- 
cally connected to the intermediate node between the 
anode of the PIN diode D1 and the band varying capac- 
itor CI via a control-voltage supplying resistor R1, a 
capacitor CIO, and a choke coil LI. Similarly, the volt- 
age-control terminal CONT1 is electrically connected to 
the intermediate node between the anode of the PIN 
diode D2 and the band varying capacitor C2 via the con- 
trol-voltage supplying resistor R1, the capacitor C10, 
and a choke coil L2. and is also electrically connected to 
the intermediate node between the anode of the PIN 
diode D3 and the band varying capacitor C3 via the con- 
trol-voltage supplying resistor R1, the capacitor CIO, 
and a choke coil L3. 

[0016] In addition, for example, as shown in Figs. 3 
and 4, X/4 dielectric resonators are used as the resona- 
tors 24 to 26. Fig. 3 shows the resonator 24 as a repre- 
sentative example thereof. The dielectric resonators 24 
to 26 are composed of a dielectric block 31 of a rectan- 
gular parallelepiped shape formed of a material with a 
high dielectric constant such as a ceramic material of 
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Ti02. resonator holes 32a. 32b. and 32c fonned in the 
dielectric block 31, an outer conductor 37 disposed on 
the periphery of the dielectric block 31 , and an inner 
conductor 38 disposed on the respective inner peripher- 
5 ies of the resonator holes 32a, 32b. and 32c. The outer 
conductor 37 is electrically open (disconnected) from 
the inner conductor 38 at one opening end face 31a 
(hereinafter referred to as an open-side end face 31a) of 
the dielectric block 31, whereas it is electrically short- 
to circuited (connected) to the inner conductor 38 at the 
other opening end face 31b (hereinafter referred to as a 
short-circuited-side end face 31b). In the dielectric res- 
onator 24, a series circuit of the band varying capacitor 
CI and the PIN diode D1 is electrically connected to the 
75 open-side end face 31 a in such a manner that an end of 
the band varying capacitor CI is connected to the inner 
conductor 38 and the cathode of the PIN diode D1 is 
connected to a ground, whereas the outer conductor 37 
is grounded to a ground at the short-circuited side end 
20 face 31b- Fig. 4 is a perspective view of the frequency 
variable filter 13 in which individual components are 
mounted on a substrate 40. The circuitry pattern made 
on the substrate 40 is not shown in the figure, 
[0017] The transmission/reception select switch 1 4, 
25 as shown in Fig. 5, is comprised of PIN diodes D4 and 
D5. The cathode of the PIN diode D4 is electrically con- 
nected to an antenna terminal 14a via a coupling capac- 
itor C11, and also electrically connected to a reception 
terminal 14c via a phase shifter 42 and a coupling 
30 capacitor CI 3. The anode of the PIN diode D4 is electri- 
cally connected to a transmission terminal 14b via a 
coupling capacitor CI 2. 

[0018] The voltage-control terminal C0NT1, the 
control-voltage supplying resistor R1 , and the capacitor 

35 C1 0 are used together with the frequency variable filter 
13. The voltage-control terminal CONT1 is electrically 
connected to the intermediate node between the anode 
of the PIN diode D4 and the capacitor CI 2 via a control- 
voltage supplying resistor R1, a capacitor C10. and a 

40 phase shifter 41 . In addition, the anode of the PIN diode 
D5, the cathode thereof being grounded, is electrically 
connected to the Intermediate node between the phase 
shifter 42 and the capacitor CI 3. In this arrangement, 
the phase shifters 41 and 42 are, for example, com- 

45 prised of strip lines. 

[0019] Next, a description will be given of the oper- 
ational advantages of the antenna duplexer 15 having 
the above structure. In the antenna duplexer 15, trans- 
mission signals input from the transmission circuit 17 

50 are output to the antenna element 12, and reception sig- 
nals input from the antenna element 1 2 are output to the 
reception circuit 18. 

[0020] The passing frequency of the frequency var- 
iable filter 13 is determined by the respective resonant 
55 frequencies of a resonance system comprised of the 
band varying capacitor Cl and the resonator 24, a res- 
onance system comprised of the band varying capacitor 
C2 and the resonator 25. and a resonance system com- 
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prised of the band varying capacitor C3 and the resona- 
tor 26. When the transmission circuit 1 7 is operated, a 
positive voltage as a control voltage is applied to the 
voltage-control terminal CONT1 to turn on the PIN 
diodes D1 to D3. This allows the band varying capaci- 5 
tors C1 to C3 to be respectively grounded via the PIN 
diodes D1 to D3 and the pass-band frequency of the fil- 
ter 13 is thereby lowered. The low-frequency pass band 
is allocated to transmission signals (see Fig. 6). 
[0021] Meanwhile, in the transmission/reception 10 
select switch 14, when a positive voltage is applied to 
the voltage-control terminal CONT1. the PIN diodes D4 
and D5 are turned on. Consequently, the transmission 
terminal 14b is allowed to be connected to the antenna 
terminal 14a via the capacitor C12, the PIN diode D4, is 
and the capacitor CL1 . The intermediate note between 
the phase shifter 42 and the capacitor CI 3 is allowed to 
be grounded via the PIN diode D5. In other words, the 
reception terminal 14c is electrically disconnected from 
the antenna terminal 14a and the transmission terminal 20 
14b by the capacitor CI 3 so as to turn the switch 14 
onto the transmission side. As a result, transmission 
signals output from the transmission circuit 1 7 are trans- 
mitted to the antenna element 12 via the switch 14 and 
the frequency variable filter 13. Entering of the transmis- 25 
sion signals into the reception circuit 18 from the trans- 
mission circuit 17 is prevented by the isolation of the 
switch 14. 

[0022] In contrast, when the reception circuit 18 is 
operated, a negative voltage as a control voltage is 30 
applied to the voltage-control terminal C0NT1 to turn 
off the PIN diodes D1 to D3. However, instead of apply- 
ing a positive voltage, the control circuit for supplying a 
control voltage to the voltage-control terminal CONT1 
may be given a high impedance of 100 KG or more to 35 
apply no voltage to the voltage-control terminal CONT1 . 
As a result, the PIN diodes D1 to D3 can be turned off 
by making the control voltage OV. This permits the band 
varying capacitors CI to C3 to be in an open state, and 
the pass-band frequency is thereby higher. The high- 40 
frequency pass band is allocated to reception signals 
(see Rg. 6). 

[0023] Meanwhile, in the transmission/reception 
select switch 14, when a negative voltage is applied to 
the voltage-control terminal CONT1 , the PIN diodes D4 45 
and D5 are turned off. Thus, the antenna terminal 1 4a is 
allowed to be connected to the reception terminal 14c 
via the capacitor C11, the phase shifter 42, and the 
capacitor CI 3. In other words, the transmission terminal 
1 4b is electrically disconnected from the antenna termi- so 
nal 14a and the reception terminal 14c by the PIN diode 
D4. whereby the switch 14 is turned onto the reception 
side. As a result, reception signals input from the 
antenna element 12 are transmitted to the reception cir- 
cuit 18 via The frequency variable filter 13 and the ss 
switch 14. 

[0024] As described above, the filter 13 can have 
two different pass bands by grounding or opening the 



band varying capacitors CI to C3 by exercising voltage 
control. That is, a single frequency variable filter 13 can 
be used both as a transmission filter and a reception fil- 
ter, with the result that reduction in size of the antenna 
duplexer 15 can be achieved. 

[0025] In addition, in the antenna duplexer 15. the 
frequency variable filter 13 includes the low pass filter 
comprised of the coupling coil L5, and the capacitors C6 
and C7, and the low pass filter comprised of the cou- 
pling coil L6. and the capacitors C8 and C9. With this 
arrangement, unnecessary harmonics such as the sec- 
ond harmonic or the third harmonic of transmisaon sig- 
nals generated by the transmission/reception select 
switch 14 can be efficiently attenuated by the low pass 
filters. Consequently, conventional problems such as 
increase in size of a device due to an externally added 
tow pass filter and increase in power consumption can 
be solved. 

[Second Embodiment. Fig. 7] 

[0026] Fig. 7 shows a frequency variable filter 13A 
of the antenna duplexer used in a second embodiment. 
The frequency variatsle filter 1 3 A is equivalent to the fre- 
quency variable filter 13, in which field-effect transistors 
51, 52, and 53 are used as substitutes for the PIN 
diodes D1, D2, and D3. However, only on an Input/out- 
put terminal PI side is disposed a low pass filter (which 
is, specifically, a low pass filter comprised of a coupling 
coil L5, and capacitors C6 and C7). This low pass filter 
permits unnecessary harmonics of transmission signals 
generated by a transmission/reception select switch to 
be attenuated. An input/output terminal P2 is electrically 
connected to a resonator 26 via a coupling capacitor 
C21. An antenna duplexer including the frequency vari- 
able filter 13A having the above-described structure 
provides the same operational advantages as those in 
the antenna duplexer of the first embodiment. 

[Third Embodiment, Figs. 8 and 9] 

[0027] In the antenna duplexer of a third embodi- 
ment, a transmission band (or a reception t^and) is 
divided into a plurality of frequency regions: (it is divided 
into two frequency regions in the third embodiment), 
one of which can be selected. It is necessary for an 
antenna duplexer to maintain the Isolation between a 
transmission band and a reception band by steeply 
attenuating the frequency regions in proximity to the 
transmission band and the reception band. Thus, meas- 
ures have been usually taken which sacrifice insertion 
losses, increase the number of coupling stages of reso- 
nators, or the like. However, according to the antenna 
duplexer of the third embodiment, the distance (isola- 
tion) between the transmission band and the reception 
band can be expanded by selecting each one from the 
respective divided frequency regions of the transmis- 
sion band and the reception band. As a result, it is not 
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necessary to steeply attenuate the frequency regions in 
proximity to the transmission band and the reception 
band, so that the filter characteristics of the antenna 
duplexer can be improved. 

[0028] Fig. 8 shows a frequency variable filter 61 
used in the antenna duplexer of the third embodimertt. 
In the frequency variable filter 61 , resonators 62 and 63 
are double-coupled via a coupling capacitor C37. An 
input/output terminal P1 of the frequency variable filter 
61 is electrically connected to the resonator 62 via a ti- 
type LC circuit (a low pass filter) comprised of a cou- 
pling coil LI 6. and capacitors C38 and C39. Similarly, 
an input/output terminal P2 is electrically connected to 
the resonator 63 via a ic-type LC circuit (a low pass filter) 
comprised of a coupling coil LI 7, and capacitors C40 
andC41. 

[0029] PIN diodes D10, D11, and D12 are electri- 
cally connected in parallel to an end of the resonator 62 
via band varying capacitors C31 , C32. and C33 under a 
condition in which the cathodes of the diodes are 
grounded. Similarly, PIN diodes D13, D14, and D15 are 
electrically connected in parallel to an end of the reso- 
nator 63 via band varying capacitors C34, C35. and C36 
under a condition In which the cathodes of the diodes 
are grounded. 

[0030] A voltage-control terminal CONT1 is electri- 
cally connected to the intermediate node between the 
anode of the PIN diode DIG and the band varying 
capacitor C31 via a control-voltage supplying resistor 
R2, a capacitor C42, and a choke coil L10, and electri- 
cally connected to the intermediate node between the 
anode of the PIN diode D13 and the band varying 
capacitor C34 via the control-voltage supplying resistor 
R2, the capacitor C42, and a choke coil LI 3. A voltage- 
control terminal CONT2 is electrically connected to the 
intermediate node between the anode of the PIN diode 
D1 1 and the band varying capacitor C32 via a control- 
voltage supplying resistor R3, a capacitor C43. and a 
choke coil L11, and electrically connected to the inter- 
mediate node between the anode of the PIN diode D14 
and the band varying capacitor C35 via the control-volt- 
age supplying resistor R3, the capacitor C43. and a 
choke coil L14. A voltage-control terminal CONT3 is 
electrically connected to the intermediate node between 
the anode of the PIN diode D12 and the band varying 
capacitor C33 via a control -voltage supplying resistor 
R4. a capacitor C44, and a choke coil LI 2, and is elec- 
trically connected to the intermediate node between the 
anode of the PIN diode D15 and the band varying 
capacitor C36 via the control-voltage supplying resistor 
R4. the capacitor C44, and a choke coil L15. 
[0031 1 A description will be given of the operational 
advantages of the antenna duplexer, which Includes the 
frequency variable filter 61 having the above structure 
and the transmission/reception select switch 14 shown 
in Fig. 5. 

[0032] The passing frequency of the frequency var- 
iable filter 61 is determined by each resonant frequency 



of a resonance system comprised of the band varying 
capacitors C31, C32. and C33, and the resonator 62. 
and a resonance system comprised of the band varying 
capacitors C34, C35, and C36, and the resonator 63. 

5 When the transmission circuit 17 shown in Fig. 1 is 
operated, a positive voltage is applied to the voltage- 
control terminals. CONT1 , CONT2, and CONT3 to turn 
on the PIN diodes D10 to D15. This permits the band 
varying capacitors C31 to C36 to be respectively 

70 grounded via the PIN diodes D1 0 to D1 5, so that the fre- 
quency of the pass band of the filter 61 is the lowest. 
The lowest-frequency pass band is allocated to trans- 
mission signals (see a solid line 71a in Fig. 9). In addi- 
tion, a positive voltage is applied to the voltage-control 

75 terminals CONT1 and CONT2 to turn on the PIN diodes 
D10. D11, D13, D14. whereas a negative voltage is 
applied to the voltage-control terminal CONT3 to turn 
off the PIN diodes D12 and D15. This permits the band 
varying capacitors C31. c32, C34, and C35 to be 

20 respectively grounded and permits the varying capaci- 
tors C33 and C36 to be in an open state, so that the fre- 
quency of the pass band of the filter 61 is the second 
lowest. The second lowest-frequency pass band is also 
allocated to transmission signals (see a dotted line 71b 

25 in Fig. 9). 

[0033] Meanwhile, the transmission/reception 
select switch 14 is set in such a manner that the PIN 
diodes D4 and D5 are turned on, when a positive volt- 
age is applied to the voltage-control terminals CONT1 , 

30 CONT2, and C0NT3, and when a positive voltage Is 
applied to the voltage-control terminals CONT1 and 
CONT2, whereas a negative voltage is applied to the 
voltage-control terminals CONT3. This setting permits 
the switch 14 to be turned onto the transmission side, 

35 and then transmission signals output from the transmis- 
sion circuit 17 are thereby transmitted to the antenna 
element 12 via the switch 14 and the frequency variable 
filter 61. 

[0034] In contrast, when the reception circuit 18 

40 shown in Fig, 1 is operated, a negative voltage is 
applied to the voltage-control terminals CONT1, 
CONT2, and C0NT3 to turn off the PIN diodes D1 0 to 
D15. That permits the band varying capacitors C31 to 
C36 to be in an open state, with the result that the fre- 

45 quency of the pass band of the filter 61 is the highest. 
The highest-frequency pass band is allocated to recep- 
tion signals (see a solid line 71d in Fig. 9). In addition, a 
negative voltage is applied to the voltage-control termi- 
nal CONT1 and CONT2 to turn off the PIN diodes D10. 

so D1 1 , D13, and D14, and a positive voltage is applied to 
the voltage-control terminal CONT3 to turn on the PIN 
diodes D12 and D15. This permits the band varying 
capacitors C31. C32. C34, and C35 to be respectively in 
an open state and permits the band varying capacitors 

55 C33 and C36 to be grounded, with the result that the fre- 
quency of the pass band of the filter 61 is the second 
highest. This second-highest pass band is also allo- 
cated to reception signals (see a dotted line 71c In Fig. 
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[0035] Meanwhile, the transmission/reception 
select switch 14 is set in such a manner that the PIN 
diodes D4 and D5 are turned off. when a negative volt- 
age is applied to the voltage-control terminals CONT1 , 5 
CONT2, and CONT3, and also when a negative voltage 
is applied to the voltage-control terminals C0NT1 and 
C0NT2, whereas a positive voltage is applied to the 
voltage-control terminal CONT3. This permits the 
switch 14 to be turned onto the reception side, and io 
reception signals input from the antenna element 12 is 
thereby transmitted to the reception circuit 18 via the 
frequency variable filter 61 and the switch 14. 
[0036] In this way. the filter 61 can have a transmis- 
sion band and a reception band by allowing the band is 
varying capacitors C31 to C36 to be grounded or to be 
open by exercising voltage control, and permits the 
passing frequency to be varied into two phases both 
within a transmission band and a reception band so as 
to expand the distance (isolation) between the transmis- 20 
sion band and the reception band. Furthermore, in the 
antenna duplexer of the third embodiment, the fre- 
quency variable filter 61 includes a low pass filter com- 
prised of the coupling LI 6, and capacitors C38 and 
C39, and a low pass filter comprised of the coupling 25 
LI 7, and capacitors C40 and C41. With this arrange- 
ment, unnecessary harmonics such as the second har- 
monic and the third harmonic of transmission signals 
generated by the transmission/reception select switch 
1 4 can be efficiently attenuated by the low pass filters. 30 
Consequently, conventional problems such as increase 
in size of a device due to an externally added low pass 
filter and increase in power consumption can be solved. 

[Other Embodiments] 3S 

[0037] The antenna duplexer and the communica- 
tion apparatus in accordance with the present Invention 
are not restricted to those in the above-described 
embodiments, and various modifications are possible 40 
within the range of the scope and spirits of the invention. 
[0038] Although the antenna duplexers used In the 
above embodiments comprise a single dielectric block, 
this is not the only applicable case. For example, it is 
possible to use an arrangement in which a dielectric 45 
block distributed to each resonator is coupled. Further- 
more, the resonator hole may be a hole formed of a step 
structure having a large-diameter-hole part and a small- 
diameter-hole part continued thereto, besides a fixed 
straight-diameter type. The resonator of the frequency so 
variable filter may be, besides a dielectric resonator, a 
micro-strip line or an LC resonant circurt made by com- 
bining an inductor and a capacitor or the like. In addi- 
tion, in the above embodiment, as shown in Fig. 5, the 
transmission/reception select switch is formed by com- ss 
bining PIN diodes. However, formation of the switch is 
not limited to this case, and a publicly-known GaAs 
switch IC may be used as the switch. 
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[0039] As described above, according to the 
present Invention, a single frequency variable filter can 
be used both as a transmission filter and a reception fil- 
ter so as to achieve reduction in size of the antenna 
duplexer by disposing a frequency variable filter for 
switching between a first band and a second band by a 
voltage-controllable reactor and a transmission/recep- 
tion select switch connected to an input/output terminal 
of an end of the frequency variable filter. Moreover, 
since the frequency variable filter includes a low pass fil- 
ter, unnecessary harmonics generated by the distortion 
of transmission signals can be eliminated by the fre- 
quency variable filter. As a result, conventional prob- 
lems such as increase in size of a device due to an 
externally added low pass filter and increase in power 
consumption can be solved. 

[0040] Furthermore, the first and second bands of 
the frequency variable filter are respectively divided into 
a plurality of frequency regions, one of which is selected 
by exercising voltage control on the reactor. This per- 
mits the distance (isolation) between the transmission 
band and the reception band of the antenna duplexer to 
be expanded, so that filter characteristics can be even 
further improved. 

Claims 

1 . A duplexer (15) comprising: a frequency variable fil- 
ter (13; 13 A) switching between a first band and a 
second band by a voltage-controllable reactor (D1 ; 
51); and a transmission/reception select switch (14) 
connected to an input/output terminal of an end of 
the frequency variable filter 13; 13A). 

2. The duplexer (1 5) according to Claim 1 , wherein the 
frequency variable filter includes a low-pass filter 
(L5, C6. C7). 

3. The duplexer (15) according to Claim 1 or Claim 2, 
wherein the first band and the second band of the 
frequency variable filter (13) are respectively 
divided into a plurality of frequency regions, and 
one of which is selected by exercising voltage-con- 
trol on the reactor (D1). 

4. The duplexer (15) according to Claim 1 to Claim 3, 
wherein a resonator of the frequency variable filter 
is a dielectric resonator (24). 

5. The duplexer (15) according to Claim 1 to Claim 4, 
wherein the reactor is a PIN diode (D1). 

6. The duplexer (15) acconjing to Claim 1 to Claim 4, 
wherein the reactor is a field effect transistor (51). 

7. The duplexer (15) according to Claim 1 to Claim 6, 
wherein the transmission/reception select switch is 
comprised of a PIN diode. 
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8. The duplexer (15) according to Claim 1 to Claim 6. 
wherein the transmission/reception select switch is 
a GaAs switch IC. 

9. A communication apparatus (11) comprising the s 
duplexer according to one of Claims 1 to Claim 8. 
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Duplexer and communication apparatus 

The invention provides a duplexer (15) com- 



a frequency variable filter (13) switching between a 
first band and a second band by a voltage-control- 
lable reactor 01; and a transmission/reception 
select switch (14) connected to an input/output ter- 



minal of an end of the frequency variable filter (13). 

The above duplexer is small and capable of effi- 
ciently eliminating harmonics of transmission signals 
generated by a transmission/reception select switch. 
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